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sity of Perugia, Dipartimento di Ingegneria, Perugia, Italy
 The effect of heat treatment on the mechanical behavior of a 0,20 % steel with Cr and Mo addition is here reported. 
Such steel can just target the mechanical properties achievable by its intrinsic hardenability. Aim of this paper is to 
evaluate the mechanical behavior dependence as a function of different quenching and tempering (Q&T) treat-
ments. Results show that, after Q&T, the material can target a - 20°C fracture appearance transition temperature (50 
% FATT) measured by a Charpy-V impact test making this steel suitable for low temperature application. 
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INTRODUCTION
Alloying elements such as chromium, molybdenum, 
tungsten, etc. are added to carbon steel to improve prop-
erties such as hardness, strength and toughness. The 
standard methods of strengthening low alloy steels are:
 solution hardening;
 quenching and tempering;
 precipitation hardening;
This paper will focus mainly on the second method [1-
2]. To obtain high strength and hardness values, heat treat-
ment could be performed after forging. By tempering and 
quenching, the forged component becomes less brittle and 
its ductility is enhanced without sacrificing too much hard-
ness. It is the combination of these two processes that pro-
duces a harder, tougher part that’s also more than ordinary 
has forged material. Unfortunately, however, producing 
forgings using the Q&T is inefficient and deleterious to the 
environment and alternative routes to high strength forg-
ings have been studied for decades [1]. For the flat rolled 
product of C-Mn steels small addition of elements such as 
niobium or vanadium could increase the strength when the 
steel was rolled and cooled correctly [2]. In the medium 
carbon steel for forgings applications vanadium is pre-
ferred over niobium because the dissolution of vanadium 
carbo- nitrides (VCN) particles occur at lower reheat tem-
perature so niobium level is very limited, while vanadium 
additions can be more substantial [3-5].
Thus, vanadium micro alloying is predominant in 
these steels, although growing importance is being 
placed on dual additions of vanadium with lower levels 
of niobium. Nitrogen additions are useful to enhance 
precipitation strengthening in the vanadium applica-
tions [6]. Moreover, increased yield strength can be 
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achieved by improving hardenability and Mo or Cr are 
usually added with increasing material costs [7].
These micro alloying strategies are progressively 
more employed to increase strength and performance, 
or to reduce the number of heat-treating steps while 
maintaining adequate mechanical performance. 
EXPERIMENTAL
The chemical composition of the considered steel is 
reported in Table 1.
Table 1  Chemical composition of the considered steel / wt. / %
C 0,20
Mn 0,95
Cr 0,20
Ni 0,25
Steel was manufactured by electroslag remelting 
(process used to remelt and refine steels resulting in 
high-quality ingots). Starting from the ingot, specimens 
have been cut and heat treated by quenching and tem-
pering (Q&T). The austenitizaion stage of the heat 
treatment was performed at two different temperatures: 
980 °C and 1 050 °C. Tempering was performed in a 
wide range of temperature ranging 540-680 °C. Micro-
structure analysis and hardness of heat treated speci-
mens have been carried out by means of light micros-
copy (LM) after 4 % Nital etching and 2 kg Vickers in-
denter (HV2). Tensile test and Charpy test have been 
performed on the most promising cases.
RESULTS AND DISCUSSION
Continuous Cooling Temperature (CCT) of the con-
sidered steel is reported in Figure 1.
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Some of the most indicative microstructure referring 
to different cooling rates (C.R.) are reported in Figure 2.
Based on the results reported in Figure 1, specimens 
were austenitised at 980 °C and 1 050 °C in order to 
exploit also the prior austenitic grain size effect. Speci-
mens were cooled in air to avoid any bainite formation 
and to obtain a fully ferritic-pearlitic microstructure 
(Figure 3). Specimens were tempered in the range 540– 
660 °C for 30 minutes holding. Results of hardness 
measurements on heat treated materials are reported in 
Figure 4.
Results show that hardness behavior is not signifi-
cantly affected by heat treatment in the considered 
range of the processing temperature.
Further, some effect is detected following different 
austenitisation conditions: in particular, the higher the 
Figure 1  CCT of the considered steel (austenitization 
temperature: 980 °C)
C.R.= 100 °C / s 
C.R.= 25 °C / s 
C.R.= 0,26 °C / s 
C.R.= 0,02 °C / s 
Figure 2 Microstructures of cooled specimens according to different cooling rates (C.R.)
a b
Figure 3  Microstructure after austenitization and cooling: (a) austenitization 
temperature = 980 °C and (b) austenitization temperature = 1 050 °C.
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austenitisation temperature, the higher the hardness 
value, due to an increase of steel intrinsic hardenability.
Tensile tests have been carried out in the specimens 
after quenching and tempering at T = 980 °C & 640 °C. 
Results are reported in Table 2. 
Table 2.  Tensile properties of material austenitized at 
980°C and tempered at T = 640 °C
Rp0,2 / MPa 332
Rm / MPa 534
Results of Chary-V impact test of Q&T materials 
after tempering at 640 °C are reported in Figure 5. 
Charpy tests show that a 50 % Fracture Appearance 
Transition Temperature (50 % FATT) of approximately 
- 20 ° C is found. This implies to possibility of use of 
such materials for low temperature applications. This is 
main difference with respect to such material and those 
obtained by adding micro-alloying elements (such as 
V). In fact, it is reported that precipitates formation n 
such steels lead to in increase of 50 % FATT [8-9]. 
CONCLUSIONS
In this work the effect of quenching and tempering 
(Q&T) thermal treatments on mechanical properties of 
a C-Mn steel (0,20 % Cr) for forged components has 
been exploited on a laboratory scale. Results show that 
the obtained hardness values are suitable for standard 
application of forged components (e.g. back up rolls) 
and the 50 % FATT temperature makes also it suitable 
for low temperature applications.
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Figure 4 Effect of tempering on hardness Figure 5  Percentage of shear fracture versus temperature of 
0,20 % C – 1,00 % Mn – 0,20 % Cr – 0,25 % Ni
